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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the negative-electrode ingredient for rechargeable 
batteries for non-drainage systems in more detail about a nonaqueous rechargeable battery. 
[0002] 

[Description of the Prior Art] In a nonaqueous rechargeable battery with a 3 V class electrical potential 
difference, the approach using the oxide of the transition metals which are represented by the metal 
lithium as a negative-electrode active material, and are represented by Co, Mn, and nickel as positive 
active material is typical. However, when a metal lithium is used for a negative electrode, in order that a 
metal lithium may grow with the gestalt (dendrite) of arborescence into charge and discharge, it short- 
circuits inside, and there are problems, like the activity of a dendrite is high and there is danger of 
ignition. Therefore, the baking carbonaceous ingredient which can insert and emit a lithium ion as an 
active material which replaces a metal lithium is put in practical use as a negative electrode. However, 
the carbon material has the fault that the capacity per volume is low. 

[0003] 1 [ then, ] which can insert and emit a lithium ion as a negative-electrode active material which 
can expect the capacity per high volume — transition-metals chalcogen compounds, such as TiS2 and 
LiTiS2 (United States patent 3983476th), - 2) The transition-metals oxide 2 (United States patent 
4198476th) of rutile structure, for example, WO, 3) Spinel compounds, such as LixFe(Fe2) 04 (JP,58- 
2203 62, A), 4) The lithium compound of Fe 203 compounded electrochemically (United States patent 
4464447th), the lithium compound (JP,3-1 12070,A) of Fe 203, and Nb 205 (JP,62-59412,A --) 
Transition-metals oxides, such as JP,2-82447,A, ferrous oxide, FeO and Fe 203, Fe304, cobalt oxide, 
CoO and Co 203, and Co304 (JP,3-291862,A), are known. Using an alloy (for example, JP,7-29602,A) 
with Sn by which forming five lithiums and an alloy is known on the other hand, Cd(l Proceedings of 
the Electrochemical Society, 87- 1987) aluminum (20 Solid Statelonics, 1986), Si, Pb(s), Bi(s) and Sb(s) 
(1 Proceedings of the Electrochemical Society, 87- 1987), and these lithiums is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, after adding a powder-like negative-electrode 
active material to the organic solvent which added the electric conduction assistant and melted the 
binder, considering as the shape of a paste and applying on a charge collector in case an electrode is 
produced since the above-mentioned negative-electrode active material is usually obtained as powder, 
the method of carrying out stoving and removing a solvent is taken. However, it is difficult to be unable 
to control generation of the floe of a powder particle depending on the applying method, but to make 
even a primary particle distribute the powder particle of a negative-electrode active material. Therefore, 
the present condition is being unable to pull out charge-and-discharge capacity with it for it. [ the 
utilization factor of a negative-electrode active material low at the time of the high-speed charge and 
discharge to which the electric resistance of an electrode becomes large, only operating potential low as 
a result is obtained, and a high current flows since current collection is inadequate, and ] [ sufficient ] 
then, the purpose of this invention - 1 - the negative-electrode active material which reversible 
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insertion and emission of a lot of lithium ions are possible, and can reduce the electric resistance of a 
negative electrode, and 2 — it is offering the manufacture approach and offering the nonaqueous 
rechargeable battery which excelled [ high capacity / further 3 high voltage and ] in the charge-and- 
discharge property. 
[0005] 

[Means for Solving the Problem] In order to attain the 1st above-mentioned purpose, the negative- 
electrode active material of this invention is characterized by being the semi-conductor thin film which 
consists of a simple substance of the element chosen from one sort or two sorts or more of the periodic 
tables IIIB and IVB and VB groups who insert and emit a lithium ion, or its compound. The 2nd purpose 
is attained by producing the above-mentioned semi-conductor thin film using the gap or one approach of 
choose from the vacuum thin film producing methods, such as vacuum deposition, the sputtering 
method, the ion plating method, and a CVD method, on the copper used as a charge collector, or a 
stainless steel substrate. It is characterized by heat-treating under a vacuum the semi-conductor thin film 
furthermore produced by the above-mentioned vacuum thin film producing method. The 3rd purpose is 
attained by using the semi-conductor thin film of this invention as a negative-electrode active material, 
using as positive active material the metallic oxide which contains transition metals as a configuration 
element, and constituting a nonaqueous rechargeable battery by using as an electrolyte the nonaqueous 
electrolyte of lithium ion conductivity which dissolved the lithium compound in the organic solvent, or 
made the organic solvent made to dissolve dissolution or a lithium compound for a lithium compound in 
a giant molecule hold. 
[0006] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. The elements used for 
this invention are C, Si, germanium, Sn and Pb of a periodic table IIIB group's B, aluminum, Ga, In and 
Tl, and an IVB group, and VB group's N, P, As, Sb and Bi. As a simple substance, Si, C, germanium, 
and Sn are desirable. InBi which the semi-conductor in which insertion and emission of a lithium ion are 
possible is desirable, and becomes from an III group and V group as a compound, and Bi3 — compound 
semiconductors, such as In5, Biln2, InSb, InAs, InP and InN, GaSb, GaAs, GaP and GaN, T15Sb, and 
Sb5T17, Bi2Tl, and AlSb, are mentioned. 

[0007] Although anything that is usually used for the negative electrodes of a nonaqueous rechargeable 
battery can be used for the conductive metal or conductive alloy used as a charge collector, copper or its 
stainless steel is desirable. 

[0008] As the manufacture approach of the negative-electrode active material of this invention, although 
the following approach is raised, it is not limited to this and the known vacuum forming-membranes 
methods, such as vacuum deposition, the ion plating method, and a CVD method, can be used. The 
desirable manufacture approach of this invention is the argon atmosphere of 1x10-2 - lxl0-3Torr using 
the disc-like target which consists of a simple substance of the purpose of the elements of IIIB, IVB, and 
VB group, or its compound, and is the approach of forming membranes by RF (RF) sputtering on the 
substrate which consists of copper foil or a stainless steel foil. Furthermore, it heat-treats under a 
vacuum if needed. 

[0009] Any well-known ingredient can be conventionally used for the positive-electrode ingredient used 
as positive active material of this invention, for example, LixCo02, LixNi02, Mn02, LiMn02, LixMn 
204, LixMn2-y04, alpha-V 205, and TiS2 grade are mentioned. 

[0010] The solid polymer electrolyte which made the nonaqueous electrolyte which dissolved the 
lithium compound in the organic solvent, or the organic solvent made to dissolve dissolution or a lithium 
compound for a lithium compound in a giant molecule hold can be used for the nonaqueous electrolyte 
used for this invention. Although nonaqueous electrolyte is prepared combining an organic solvent and 
an electrolyte suitably, its all are usable if these organic solvents and an electrolyte are used for this kind 
of cell. As an organic solvent, for example Propylene carbonate, ethylene carbonate, PINIREN 
carbonate, dimethyl carbonate, diethyl carbonate, Methylethyl carbonate, methylethyl carbonate, 1, 2- 
dimethoxyethane, 1 , 2-diethoxy ethane methyl FORUMEITO, a butyrolactone, a tetrahydrofuran, 2- 
methyl tetrahydrofuran, a 1-3 dioxo furan, the 4-methyl -1, 3-dioxo furan, Diethylether, a sulfolane, a 
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methyl sulfolane, an acetonitrile, They are propionitrile, butyronitrile, valeronitrile, a benzonitrile, 1,2- 
dichloroethane, 4-methyl-2-pentanone, 1, 4-dioxane 5 an anisole, a jig lime, dimethylformamide, 
dimethyl sulfoxide, etc. These solvents can use one of them independently, and can also use two or more 
sorts together. As an electrolyte, LiC104, LiAsF6, LiPF6, LiBF4, LiB (C6H5)4, LiCl, LiBr, Lil, 
LiCH3S03, LiCF3S03, and LiAlC14 grade can be mentioned, for example, these one sort can also be 
used independently, and two or more sorts can also be used together. 

[001 1] The thing which made the macromolecule which describes below the electrolyte chosen from the 
above-mentioned electrolyte dissolve can be used for the solid polymer electrolyte used for this 
invention. For example, the giant molecule which has a polyester chain like the giant molecule which 
has a polyether chain like polyethylene oxide or polypropylene oxide, polyethylene succinate, and the 
Pori-caprolactam, the giant molecule which has a polyamine chain like polyethyleneimine, and the giant 
molecule which has a polysulfide chain like a polyalkylene sulfide are mentioned. Moreover, the thing 
which made the above-mentioned nonaqueous electrolyte hold to giant molecules, such as a 
poly vinylidene fluoride and vinylidene fluoride-tetrafluoroethylene copolymer, polyethylene oxide, a 
polyacrylonitrile, and polypropylene oxide, and made them plasticize the above-mentioned giant 
molecule as a giant-molecule solid electrolyte used for this invention can also be used. 
[0012] 

[Example] Hereafter, although this invention is further explained to a detail using an example, this 
invention is not limited to this example. 

[0013] The silicon of 99.99% of purity made from example 1. fruity chemistry was used as the target, by 
0. 1mm in thickness, on the copper substrate of 99.9% of purity, RF sputtering system was used and the 
thin film of silicon was formed. Under sputtering and the inside of a bell jar were made into the argon 
atmosphere of 1.7x1 0-3Torr, and membrane formation time amount was made into 45 minutes. 
Furthermore, under the vacuum of 9.0xlO-6Torr, it held at 650 degrees C for 1 hour, and annealing 
treatment was performed. Thus, the thin film of the crystalline silicon of 2 micrometers of thickness was 
obtained, and this was used as a negative electrode. The positive electrode was produced as follows. The 
solvent was evaporated and temporary quenching was carried out in 800 degrees C and 1 hour after 
carrying out weighing capacity of a lithium carbonate Li 203 and the cobalt carbonate CoC03 by the 
equimolar ratio and carrying out wet blending with the ball mill using isopropyl alcohol. After carrying 
out choke crushing of the temporary-quenching powder by the vibration mill and carrying out 
pressurization molding by molding pressure 1.3 ton/cm2 at a pellet with a diameter [ of 16mm ], and a 
thickness of 0.5mm, what was calcinated at 800 degrees C for 10 hours was used as the positive 
electrode. The electrolytic solution used what dissolved one mol /of 6 phosphorus-fluoride acid lithiums 
LiPF6 in the mixed solvent of the volume ratio 1 :1 of ethylene carbonate and dimethyl carbonatel. The 
coin cell was produced using the negative electrode, positive electrode, and electrolyte which were 
described above, and after leaving it one whole day and night and aging at a room temperature, the 
charge and discharge test was performed in [ potential ] 4.2V to 2.5V by 1.5mA constant current. A 
result is shown in Table 1 . 

[0014] Except having used as the negative electrode what used graphite for the silicon powder by 
example of comparison 1. Kojundo Chemical Laboratory Co., Ltd., used Teflon for the binder as an 
electric conduction assistant, and was applied on the copper substrate, the coin cell was produced like 
the example 1 and the charge and discharge test was performed. A result is shown in Table 1 . 
[0015] 
[Table 1] 

tm®m (mAh/g) 

mmmi 1500 
imm i 200 

[0016] 

[Effect of the Invention] The periodic table IIIB which was described above and where this invention 
inserts and emits a lithium ion as a negative-electrode active material of a nonaqueous rechargeable 
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battery like The semi-conductor thin film which consists of a simple substance of one sort or two sorts 
or more of elements chosen from IVB and VB group, or its compound Dissolved the organic solvent 
lithium compound for the metallic oxide which contains transition metals as a configuration element as 
positive active material. Or if the nonaqueous electrolyte of lithium ion conductivity which made the 
organic solvent made to dissolve dissolution or a lithium compound for a lithium compound in a giant 
molecule hold is used as an electrolyte The nonaqueous rechargeable battery which was excellent in the 
charge-and-discharge property in high current density with high capacity and the high voltage compared 
with the case where a particle-like negative-electrode active material is used is obtained. 



[Translation done.] 
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